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Abstract  
Several recent studies suggest that selective CB2 receptor agonists may represent a valid 
pharmacological approach in the treatment of various diseases due to the absence of relevant 
psychoactive side effect. In this study, we synthetized and tested a series of new quinoline-
2(1H)-one- and 4-hydroxy-2-oxo-1,2-dihydro-1,8-naphthyridine derivatives characterized by a 
4-methylcyclohexylamido substituent in position 3 of the heterocyclic nucleus with high CB2 
receptor affinity and selectivity. Two compounds showing the best binding and selectivity profile 
behaved as a full agonist and a partial agonist at the CB2 receptor and induced a concentration-
dependent decrease of cell viability on LNCaP, a prostatic cancer cell line expressing CB2 
receptor. Moreover considering that the CB2 receptor is mainly expressed in cells and organs of 
the immune system, the same compounds were studied for their potential immune-modulatory 
and anti-inflammatory effects in activated lymphocytes isolated from healthy controls and 
multiple sclerosis (MS) patients.  
Keywords: cannabinoid CB2 receptor, 1,8-naphthyridine-3-carboxamide, quinoline-3-
carboxamide, anticancer activity, immunomodulation, multiple sclerosis 
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1. Introduction  
 
CB2 cannabinoid receptor (CB2R) belongs to the rhodopsin-like family class A of G-protein-
coupled receptors (GPCRs) and constitutes, with CB1 cannabinoid receptor (CB1R), the family 
of cannabinoid receptors (CBRs) [1,2].	   CBRs are the targets of both endogenous cannabinoids 
(anandamide and 2-AG which are the most abundant) as well as exogenous cannabinoids such as 
∆9-tetrahydrocannabinol (THC) [2].	  Even if	  CB1R	  is expressed throughout the body, it is found 
at much greater concentrations in the brain and its activation has been associated with most of 
the psychotropic and behavioral actions of cannabinoid drugs [3]. The CB2R is expressed in 
peripheral cells and tissues derived from the immune system [4] even if some recent studies 
showed that CB2R has a limited central nervous system distribution. In the past decades several 
synthetic molecules that target CBRs are developed and their pharmacological effects were 
studied in a large spectrum of diseases and disorders [5-11]. However due to the unfavourable 
psychoactive effects of CB1R ligands [12] the study of CB2R selective ligands either as agonists 
or as antagonists/inverse agonists and their therapeutics potential are attractive because they 
would be free of relevant psychoactive effect.  
Recently, 1,8-naphthyridine and quinoline derivatives as novel CB2R agonists have been 
designed with high CB2R affinity and CB2R versus CB1R selectivity [13-15]. Some of these 
compounds exhibited pharmacological properties like inhibitory action on immunological human 
basophil activation mediated by the CB2R (13, 14). Moreover it was showed that quinolin-2-
(1H)-on-3-carboxamides and 4-hydroxy-2-oxo-1,2-dihydro-1,8-naphthyridine-3-carboxamides 
represent novel scaffolds very suitable for the development of promising CB2 ligands with 
agonist behaviour and that these compounds exert in several cancer cell lines a CB2R dependent 
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anti-proliferative effect [15]. Furthermore we recently showed the potential efficacy in multiple 
sclerosis (MS) of 1,8-naphthyridin-2-one derivatives and their medium level of intestinal 
absorption and blood brain barrier permeability [16,17] in addition to numerous studies reporting 
the beneficial effects of cannabinoid derived-drugs in this disease [18-20]. 
In this study, we describe the synthesis and pharmacological properties of new quinolin-2-
(1H)-one- (compounds A, Table 1) and 4-hydroxy-2-oxo-1,2-dihydro-1,8-naphthyridine 
(compounds B, Table 1) derivatives characterized by 4-methylcyclohexylamido substituent in 
position 3 of the heterocyclic nucleus.  This substituent has been selected on the basis of binding 
results reported in our previous works for 	  a series of 1,8-naphthyridin-2(1H)-on-3-carboxamides 
derivatives	   acting as potent and selective CB2R ligands. [13,14]. The new compounds were 
tested on membranes prepared from HEK-293 cells expressing the human CB1R and CB2R, to 
determine their affinities towards both subtypes of CBRs. Functional CBRs activity was also 
investigated by the GTPγS binding assay for one compound for each series (A5 and B1) showing 
the best binding and selectivity profiles. Furthermore the same compounds were evaluated for 
their cytotoxic effect on the human prostate cancer cell lines LNCaP and the effect resulted 
higher than that of the known CB2 agonist, JWH-133. Finally considering that the CB2R is 
mainly expressed in cell and organs of the immune system, these compounds has been also 
analysed for their in vitro effects on immune cells, in particular, peripheral blood mononuclear 
cells (PBMC) isolated from both healthy donors and MS patient in order to evaluate if these 
CB2R ligands might find application in autoimmune and inflammatory pathologies like MS.  
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2. Chemistry 
 
The new compounds A and B were prepared as depicted in Schemes 1. The heating of ethyl 
quinolin-2(1H)-on-3-carboxylate 1 [15] or ethyl 4-hydroxy-2-oxo-1,2-dihydro-1,8-
naphthyridine-3-carboxylate 2 [15] with a cis/trans diastereoisomeric mixture of 4-
methylcyclohexylamine in a sealed tube for 24 h at 150 °C provided the desired carboxamide 2 
or 3. N-Alkylation of 3 in anhydrous DMF with the suitable arylalkyl or alkyl halide in presence 
of cesium carbonate afforded the desired quinolin-2-one derivatives A1-A6 or 2-oxo-1,2-
dihydro-1,8-naphthyridine B1-B4.  
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1; R= H, X = CH
2, R = OH X = N
3; R= H, X = CH
4, R = OH X = N
A1-A6; R= H, X = CH
B1-B4; R = OH, X = N  
Reagents and conditions: (i) 4-methylcyclohexylamine, 150 °C, 24 h; (iv) Cs2CO3, RBr or RCl, 
DMF, 50°C, 24 h. 
 
 
	   7	  
3. Results and discussion 
 
3.1. CB1 and CB2 receptor affinity 
 
The binding affinities (Ki values) of the target compounds A1-A6 and B1-B4 were evaluated 
by competitive radioligand displacement assays against the human recombinant CB1R and 
CB2R overexpressed in HEK-293 and using [3H]CP-55,940 as the radioligand for both receptors 
[14]. The results are summarized in Tables 1 together with the Ki values of reference compounds 
SR144528 [21] and JWH133 (Tocris) [22].  
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Table1. Radioligand binding data of compounds A and B.a 
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aData represent mean values for at least three separate experiments performed in 
duplicate and are expressed as Ki (nM) for CB1R and CB2R binding assays. Values of 
standard error of the mean (SEM) are not shown for the sake of clarity and were never 
higher than 5% of the means. bAffinity of compounds for CB1R was evaluated using 
membranes from HEK-293 cells transfected with CB1R and [3H]CP-55,940. cAffinity of 
compounds for CB2R was evaluated using membranes from HEK-293 cells transfected 
with CB2R and [3H]CP-55,940. SId: selectivity index for CB2R calculated as 
Ki(CB1R)/Ki(CB2R) ratio. 
 
  Ki (nM)  
Compd R CB1Rb CB2Rc SId 
A1  p-fluorobenzyl 19.4 0.75 27.7 
A2  morpholinoethyl 800 4.2 190 
A3  CH2CH2CH3 2609 25.4 102 
A4  CH2CH2CH2CH3 551 19.8 28 
A5  CH2CH2CH2CH2CH3 227 1.5 147 
A6   CH2CH2CH2OH 3761 36 104 
B1  p-fluorobenzyl 138.5 0.75 184 
B2  morpholinoethyl 630.3 7.44 85 
B3  CH2CH2CH2CH3 701.5 11.2 62 
B4  CH2CH2CH2OH >10000 215 >4.6 
JWH133  677 3  
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With regard to the quinolin-2-(1H)-on-3-carboxamide derivatives A the results reported in 
Table 1 showed that they have a variable affinity to CB1R, with Ki values in the range of 3761 
nM (A6) to 19.4 nM (A1). Regarding to CB2R affinity, the p-fluorobenzyl quinolin-2-one 
derivative A1, the n-pentyl derivative A5 and the morpholinoethyl derivative A2 proved to be 
the compounds with the highest affinity, with Ki values of 0.7 nM and 1.5 nM and 4.5 nM 
respectively. However compound A2 showed the best CB2 selectivity, with a ratio Ki CB1R/ Ki 
CB2R= 190. Concerning the alkyl derivatives A3-A5, a relationship between n-alkyl chain 
length and CB2R affinity was found. In fact, replacement of the propyl group of A3 with a five-
carbon atom chain (A5) increase CB2R affinity from Ki 25.4 nM to 1.5 nM. Furthermore the 
presence of hydroxy propyl chain in position 1 of the quinolin-2-one nucleus (A6) led to a 
substantially retention of CB2R affinity and selectivity respect to the corresponding alkyl 
derivative A3.  
The 4-hydroxy-2-oxo-1,2-dihydro-1,8-naphthyridine-3-carboxamide derivatives B1-B4 
showed CB2R affinity and selectivity slightly lower than those of A compounds. In particular the 
p-fluorobenzyl derivative B1 possess highest CB2R affinity within this series, with Ki value of 
0.75 nM, and a good CB2 selectivity, with a ratio Ki CB1/Ki CB2 = 184. In contrast to the results 
obtained for the quinolin-2-one derivatives A the presence of hydroxy butyl chain, in position 1 
(B4) was found to possess lower CB2 affinity (Ki = 215 nM) than the corresponding n-butyl 
derivative B3 (Ki = 11.2 nM)  
Overall, the binding data revealed that the presence of 4-methylcyclohexylamido substituent in 
position 3 of the quinolin-2-one nucleus (A) or 4-hydroxy-2-oxo-1,8-naphthyridine nucleus (B) 
led to compounds that generally exhibited high affinity and interesting selectivity for CB2R. We 
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can conclude that the 4-methylcyclohexylamido in position 3 of these heterocyclic nuclei is an 
appropriate substituent for the CB2R affinity in agreement with the previous report [14]. 
 
3.2. CB1 and CB2 receptor functional activity 
 
Potency (-logEC50) and efficacy (Emax) of the compounds A5 and B1, which showed high 
CB2R affinity and good selectivity, were determined using a guanosine-5’-O-(3-
[35S]thio)triphosphate ([35S]-GTPγS) binding assay according to the previously described 
methods [23,24]. In membranes prepared from hCB2-transfected CHO-cells, A5 and B1 were 
equally potent in stimulating the [35S]GTPγS binding (-logEC50 = 8.7 ± 0.1 and -logEC50 = 8.5 ± 
0.1, respectively). Morever, in hCB2-CHO membranes A5 was acting as a full agonist (Emax = 
280 ± 8.0 %) whereas B1 showed partial agonist behaviour (Emax = 216 ± 4.8 %) compared to the 
full agonist HU-210 (Tocris) (-logEC50 = 9.2 ± 0.1, Emax =  290 ± 8.3 %, Figure 1A). A5 and B1 
were silent when tested in mock-transfected-cell membranes indicating CB2R mediated 
response. Additionally, A5 behaved as a weak, partial agonist of the CB1R receptors in rat 
cerebellar membranes (-logEC50 = 5.6 ± 0.0, Emax = 230 ± 2.0 % Figure 1B). CB1R-dependence 
was verified by abolishing agonist response of A5 (3 µM) by the CB1 antagonist AM251 (1 
µM). B1 (dissolved in DMSO; final 1% (v/v)) did not stimulate or antagonize CB1R-mediated G 
protein-activity at concentrations below 10 μM. 
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Figure 1. A5 and B1 dose-dependently activate human CB2R in hCB2-CHO cell membranes 
(A). Additionally, in rat cerebellar membranes A5 is a weak partial agonist of the CB1R 
receptors (compare to the full agonist 2-AG). (B). The results are from two to three separate 
experiments performed in duplicates. Data analysis for dose-response curves were calculated as 
nonlinear regressions using sigmoidal dose-response fitting (GraphPad Prism 5.0 for Windows).	  
 
3.3. Cytotoxicity Assay 
 
Citotoxicity of test compounds A5 and B1 showing the best binding profiles were evaluated in 
the concentration range of 0.1–100 μM for 72 h against LNCaP, a prostatic cancer cell line 
expressing CB2R. A5 and B1 induced a concentration–dependent decrease in cell viability 
(Figure 2) with IC50 mean values significantly lower than that of the selective CB2R agonist, 
JWH133 [22] (Table 2).  
The selective CB2R antagonist, N-Cycloheptyl-5-(4-methoxyphenyl)-1-(4-fluorobenzyl)-
pyridin-2(1H)-on-3-carboxamide (MC21) previously synthesized by us [25], was used to assess 
the role of the CB2 receptor subtype in the molecular mechanism of compounds’ action. Pre-
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treatment with MC21 reversed cytotoxicity induced by A5 and B1 in LNCaP cells, restoring cell 
viability at levels comparable to that of control (Figure 3). 
 
 
 
Figure 2. Effects of B1, A5 and JWH133 on LNCaP cell viability. Cells were exposed to 
different concentrations of test compounds for 72 h. Data are expressed as means ± SEM of three 
separate experiments, each performed in triplicate.  
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Figure 3. Role of the CB2R in the effect induced by B1 and A5 on LNCaP cell viability. Cells 
were exposed to 2 μM B1, 5 μM A5 or 10 μM JWH133 for 72 h, in the presence or absence of 
the selective CB2R antagonist, MC21, at 0.1 μM. Data are expressed as means ± SEM of three 
different experiments, each performed in triplicate. *P<0.05 and **P<0.01. 
 
Table 2. IC50 mean values for A5, B1 and JWH133 on LNCaP cells. 
Treatment IC50 ±SEM (μM) 
A5 3.90 ± 0.2*  
B1 2.08 ± 0.3*  
JWH133 11.65 ± 0.1 
*P<0.05, as compared to JWH133. 
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3.4. Immune-modulatory and anti-inflammatory properties 
3.4.1. Cell viability assay 
The effects of A5 and B1 were evaluated on the proliferative response of PBMC isolated from 
buffy coat of healthy donors and MS patients. B1 inhibited myelin basic protein (MBP) activated 
PBMC proliferation in a dose-dependent manner from 10 µM to 1 µM with respect to untreated 
activated cells, A5, on the other hand, exerted an inhibitory effect only at 10 µM lower with 
respect to B1 (data not showed). In order to assess if B1 could affect cell viability at 10 µM, 
following the incubation as described in the methods, cells were stained with trypan blue and 
counted. We observed that B1 decreased the number of viable cells in both healthy donors and 
MS patients (Figure 4), the inhibitory effect was higher in MS patient derived cells, thus 
suggesting a potential specific effect on the auto-reactive cells during MS. A5, used at 10 µM 
was able to reduce cell viability in healthy donor cells and the number of viable cells was 71,5 % 
(data not showed). To better characterize these effects, we explored the action of these 
compounds on cell activation. 
	  
Figure 4. MBP treated PBMC isolated form healthy donors and MS patients were cultured with 
B1 at the concentration of 10µM and cultured for 6 days. After the incubation cell were counted 
	   15	  
and the percent of cell viability mean of five independent experiments is reported in the 
histogram for both the cell preparations (*p<0,05 with respect to MBP activated PBMC, CTR in 
the histogram).  
 
3.4.2. T cell activation assay 
Cell activation is known to drive the autoimmune process in MS, thus in order to address 
potential different effects between cells derived from patients and healthy controls, we evaluated 
the efficacy of our compounds on some T cell activation markers. We found that B1 at the 
concentration of 10 µM inhibited the expression of CD54, CD69, CD25, CD62 and CD49d 
(Figure 5A) whereas A5, used at the same dose was able to inhibit only the expression of CD69 
and CD25. The effect of B1 on these activation markers was dose dependent since, we observed 
at 1 µM a lower inhibitory effect (data not shown). Furthermore, the effect of B1 at the 
concentration of 10 µM on CD54, CD69, CD25 and CD49d was also investigated in cells 
isolated from MS patients (Figure 5B). We observed in these cells higher inhibitory effect of the 
expression of CD54, CD25 and CD49d by B1 with respect to PBMC isolated from healthy 
donors. These data suggest a more specific effect on activation in cells derived from patients 
with respect to cells isolated from healthy donors. 
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Figure 5. MBP activated PBMC were treated with the drugs at the concentration of 10 µM and 
cultured for 6 days. After the incubation, cells were collected and stained with the antibodies 
indicated in the figure. Cells were acquired by flow cytometer and analysed gating on + T CD4 
cells. The statistical analysis was performed on four independent experiments and the mean of 
these experiments reported as statistically significant percent of marker inhibition is represented 
for A5 and B1 in healthy donor derived cells (A) and for B1 in MS patient derived cells (B) 
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(*p<0,05 calculated with respect to MBP activated cells considered as expressing 100% of each 
marker).  
 
3.4.3. Protein expression assays 
It was showed that PI3K/Akt serves as upstream kinases for NF-κB activation by myelin [26]. In 
order to establish if our compounds could affect this signaling pathway, we analyzed the 
expression of Akt, Furthermore, it is known that a major inflammatory component drives and 
orchestrates MS progression. In order to assess potential anti-inflammatory properties of test 
compounds, we analyzed the expression of the enzyme Cox2 that is usually induced at site of 
inflammation and is a major player in inflammatory reaction in peripheral tissues. We observed 
that following MBP treatment, the activation induced up-regulation of the phosphorylation of 
Akt and up-regulation of Cox-2, whereas test compounds inhibited the expression of 
phosphorylated Akt and Cox-2 in cells isolated from healthy donors (Figure 6A). The effect of 
B1 on Akt and on Cox-2 expression was also confirmed in cells derived from MS patients 
(Figure 6B). The effects observed on Akt and Cox2 on cells derived from healthy donors were 
dose dependent since a less pronounced effect of B1 was observed also at the concentration of 
1µM (data not showed). 
Our results support potential applications of this compound in inflammatory and autoimmune 
pathologies.  
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A 
 
B 
 
 
 
 
 
Figure 6. MBP activated PBMC were treated with the compounds at the concentration of 10µM 
and cultured for 6 days. After the incubation, cell extracts were prepared and protein expression 
was determined by western blot analysis. Blots represent a single representative experiment out 
of four while the densitometric analysis reports the mean of the values of all the experiments ± 
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the standard deviation (*p<0,01 significant inhibition calculated with respect to MBP activate 
PBMC, MBP in figure). PBMC represents untreated and not activated cells. The effects of A5 
and B1 are reported for healthy donor derived cells (A) and the effect of B1 is reported for MS 
patient derived cells (B). 
 
4. Conclusion 
 
In this study we described a series of new quinoline-2(1H)-one- and 4-hydroxy-2-oxo-1,2-
dihydro-1,8-naphthyridine derivatives characterized by a 4-methylcyclohexylamido substituent 
in position 3 of the heterocyclic nucleus. The binding data generally revealed that these 
compounds possess interesting CB2R affinity and selectivity. In particular the results obtained 
indicate that the affinity and/or the CB2/CB1 selectivity of the new compounds is increased or is 
at least comparable with respect to that of the corresponding cyclohexylamido and 
cycloheptylamido derivatives previously reported [15] confirming the hypothesis that the 
presence of 4-methylcyclohexylamido substituent in position 3 of these heterocyclic nuclei is an 
appropriate substituent for the CB2R affinity and CB2/CB1 selectivity. Furthermore the 
compounds A5 and B1 showing the best binding and selectivity profile behaved at the CB2R as a 
full agonist and a partial agonist respectively and induced a concentration-dependent decrease of 
cell viability on LNCaP. 
Finally the A5 and B1 compounds showed peripheral effects in immune cells derived from MS 
patients. Noteworthy, the effect of these compounds on activated cells derived from both healthy 
donors and MS patients are quite similar; however some effects seem more pronounced in MS 
patients, like higher inhibition of cell viability and activation in patients than in control subjects. 
In particular our data suggest that B1 might be potentially used to limit uncontrolled cell 
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proliferation in autoimmune diseases and might be a good candidate for further studies aimed to 
establish its potential application in the therapy of MS. 
 
 
 
5. Experimental 
 
5.1. Chemistry 
Reagents were purchased from commercial suppliers and used without further purification. 
Merck silica gel 60 was used for flash chromatography (230−400 mesh). Melting points were 
determined on a Kofler® hot stage apparatus and are uncorrected. 1H NMR and 13C NMR spectra 
were recorded with a Varian Gemini 200 spectrometer in δ units from TMS as an internal 
standard. Mass spectra were performed with a Hewlett-Packard MS system 5988®. TLC was 
performed on silica gel sheets (Silica Gel 60 F254, Merck, Germany). Microwave-assisted 
reactions were run in a CEM microwave synthesizer. The system for isocratic flash 
chromatography includes a Buchi® Pump Module C-601 (continuous flow of solvents up to 
250ml/min at max 10bar) and Buchi® prepacked cartridges (silica gel 60, particle size 40-63 
µm).  
The analytical HPLC system consisted of a Thermo Finnigan Spectra System SN4000 system 
controller, coupled to a P2000 pump, a SCM1000 degasser, and a UV2000 UV detector at an 
operation wavelength of 220 and 280 nm (Thermo Finnigan, Waltham, MA). Separation was 
performed on a 150 mm × 4.6 mm Luna column packed with 5 μm C18 particles. The mobile 
phase, delivered at isocratic flow, consisted of methanol (15-30%) and water (85-70%). HPLC 
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grade methanol was acquired from Sigma-Aldrich (Sydney, Australia), and the water used was 
of Milli-Q grade purified by a Milli-Q UV purification system (Millipore Corporation, MA). For 
all compounds, 1.0 mg was dissolved in 2.0 mL of MeOH and an amount of 20 μL was injected 
in analytical HPLC. Comparing the chromatograms, we were able to estimate the purity of each 
compounds that appeared >96%. 
 
5.1.1. 4-Methylcyclohexyl carboxamide derivatives 3 and 4. 
A mixture of ethyl ester 1 or 2 (1.0 mmol) and 4-methylcyclohexylamine (5.0 mmol) was 
heated in oil bath at 150°C for 24 h. After cooling, the reaction mixture was treated with ethyl 
ether to give a solid residue which was collected by filtration and purified by crystallization.	   
 
5.1.1.1. 1,2-Dihydro-N-(4-methylcyclohexyl)-2-oxoquinoline-3-carboxamide (3). Yield: 85%; 
(crystallized from ethyl acetate); MS m/z 284 (M+); 1H-NMR (CDCl3) δ 12.40 (br, 1H, NH), 
10.12 and 9.71 (2d, 1H, NH), 8.84 (s, 1H, Ar), 7.94 (m, 1H, Ar), 7.66 (m, 1H, Ar), 7.47-7.25 (m, 
2H, Ar), 4.08 and 3.94 (2m, 1H, CH), 1.90-0.90 (m, 12H, 4-methylcyclohexyl). 
 
5.1.1.2. N-(4-Methylcyclohexyl)-4-hydroxy-2-oxo-1,2-dihydro-1,8-naphthyridine-3-carboxamide 
(4) Yield: 82% (crystallized from chloroform); MS m/z 301 (M+); 1H-NMR (DMSO) δ 17.78 (br, 
1H, OH), 12.34 (br, 1H, NH), 10.71 and 10.22 (2d, 1H, NH), 8.70 (m, 1H, Ar), 8.36 (m, 1H, Ar), 
7.36 (m, 1H, Ar), 4.12 and 3.98 (2m, 1H, CH), 1.67-0.87 (m, 12H, 4-methylcyclohexyl). 
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5.1.2. General procedure for the preparation of N1-substituted 1,2-dihydro-2-oxoquinoline-3-
carboxamide (A1-A6) and N1-substituted 4-hydroxy-2-oxo-1,2-dihydro-1,8-naphthyridine (B1-
B4) 
A solution of 1.50 mmol of carboxamide derivative 2 or 3 in anhydrous DMF (20 mL) was 
treated with cesium carbonate (140.0 mg, 4.5 mmol) at room temperature for 1 h. After then 3.0 
mmol of appropriate arylalkyl or alkyl halide was added and the reaction mixture was stirred for 
24 h. at 50°C. The reaction mixture was concentrated under reduced pressure and treated with 
water to give a solid residue which was collected by filtration and purified by flash 
chromatography to obtain the title compounds. 
 
5.1.2.1. 1-(4-fluorobenzyl)-1,2-dihydro-N-(4-methylcyclohexyl)-2-oxoquinoline-3-carboxamide 
(A1). Purified by flash chromatography (hexane/ethyl acetate 10:1). Yield: 29%; MS m/z 392 
(M+); 1H-NMR (DMSO) δ 10.03 and 9.74 (2d, 1H, NH); 9.00 (s, 1H, Ar); 8.07 (m, 1H, Ar); 
7.72-7.04 (m, 7H, Ar); 5.21 (s, 2H, CH2); 4.23 and 4.09 (2m, 1H, CH); 1.82-0.91 (m, 12H, 4-
methylcyclohexyl); 13C NMR (DMSO) δ 163.17, 161.46, 161.28, 143.56, 139.40, 132.95, 
132.32, 130.94, 128.62, 128.44, 123.09, 121.15, 119.49, 115.64, 49.89, 46.34, 44.86, 34.66, 
33.45, 32.32, 31.22, 30.65, 29.84, 22.76, 21.89. 
 
5.1.2.2. 1,2-dihydro-N-(4-methylcyclohexyl)-1-(2-morpholinoethyl)-2-oxoquinoline-3-
carboxamide (A2). Purified by flash chromatography (hexane/ethyl acetate 1:2). Yield: 52%; MS 
m/z 397 (M+); 1H-NMR (DMSO) δ 10.07 and 9.66 (2d, 1H, NH); 8.85 (s, 1H, Ar); 8.04 (m, 1H, 
Ar); 7.72 (m, 2H, Ar); 7.36 (m, 1H, Ar); 4.52 (m, 2H, CH2); 4.18 and 3.94 (2m, 1H, CH); 3.58 
(m, 4H, morpholine); 2.51 (m, 6H, morpholine + CH2); 1.90-0.91 (m, 12H, 4-methylcyclohexyl); 
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13C NMR (DMSO) δ 161.38, 160.91, 142.93, 132.39, 131.79, 130.37, 128.06, 122.52, 120.63, 
118.91, 66.82, 56.11, 54.10, 49.79, 44.81, 39.68, 34.61, 33.41, 32.15, 31.33, 30.41, 29.89, 22.52, 
21.90. 
 
5.1.2.3. 1,2-dihydro-N-(4-methylcyclohexyl)-2-oxo-1-propylquinoline-3-carboxamide (A3). 
Purified by flash chromatography using Buchi® pre-packed silica cartridges (ethyl 
acetate/toluene 1:9). Yield: 11%; MS m/z 326 (M+); 1H-NMR (DMSO) δ 10.08 and 9.67 (d, 1H, 
NH); 8.85 (s, 1H, Ar); 8.02 (m, 1H, Ar); 7.79 (m, 2H, Ar); 7.34 (m, 1H, Ar); 4.33 (m, 2H, CH2); 
4.10 and 3.90 (2m, 1H, CH); 1.70-0.91 (m, 17H, 4-methylcyclohexyl + CH2+ CH3); 13C NMR 
(DMSO) δ 161.30, 160.68, 142.55, 132.38, 131.73, 130.33, 128.04, 122.52, 120.64, 118.62, 
49.56, 44.68, 38.64, 34.36, 33.24, 32.38, 31.38, 30.41, 29.90, 20.91, 22.42, 21.96, 12.73. 
 
5.1.2.4. 1,2-dihydro-N-(4-methylcyclohexyl)-2-oxo-1-butylquinoline-3-carboxamide (A4). 
Purified by flash chromatography on Buchi® prepacked cartridge (ethyl acetate/hexane 5:1). 
Yield: 18%; MS m/z 340 (M+); 1H-NMR (DMSO) δ 10.08 and 9.72 (2d, 1H, NH); 8.84 (s, 1H, 
Ar); 8.04 (m, 1H, Ar); 7.75 (m, 2H, Ar); 7.37 (m, 1H, Ar); 4.35 (m, 2H, CH2); 4.10 and 3.70 (m, 
1H, CH); 1.96-0.76 (m, 19H, 4-methylcyclohexyl + 2CH2+ CH3); 13C NMR (DMSO) δ 161.43, 
160.88, 142.91, 132.40, 131.75, 130.37, 128.10, 122.53, 120.66, 118.92, 49.75, 44.66, 38.45, 
34.16, 33.21, 32.25, 31.37, 30.41, 29.90, 29.63, 20.76, 22.43, 21.92, 13.12. 
 
5.1.2.5. 1,2-dihydro-N-(4-methylcyclohexyl)-2-oxo-1-pentylquinoline-3-carboxamide (A5). 
Purified by flash chromatography using Buchi® pre-packed silica cartridges (ethyl 
acetate/toluene 1:9). Yield: 18%; MS m/z 354 (M+); 1H-NMR (DMSO) δ 10.07 and 9.74 (2d, 1H, 
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NH); 8.84 (s, 1H, Ar); 8.04 (m, 1H, Ar); 7.74 (m, 2H, Ar); 7.37 (m, 1H, Ar); 4.34 (m, 2H, CH2); 
4.12 and 3.72 (2m, 1H, CH); 1.96-0.87 (m, 21H, 4-methylcyclohexyl + 3CH2+ CH3). 13C NMR 
(DMSO) δ 161.43, 160.87, 142.89, 132.32, 131.44, 130.31, 128.25, 122.34, 120.61, 118.82, 
49.73, 44.42, 38.67, 34.16, 33.21, 32.25, 31.37, 30.41, 29.90, 29.33, 27.22, 20.76, 22.51, 21.87, 
13.91. 
 
5.1.2.6. 1,2-dihydro-1-(3-hydroxypropyl)-N-(4-methylcyclohexyl)-2-oxoquinoline-3-carboxamide 
(A6). Purified by flash chromatography using Buchi® pre-packed cartridges (ethyl 
acetate/hexane 1:2). Yield: 23%; MS m/z 342 (M+); 1H-NMR (DMSO) δ 10.10 and 9.71 (2d, 1H, 
NH); 8.84 (s, 1H, Ar); 8.02 (m, 1H, Ar); 7.79 (m, 2H, Ar); 7.40 (m, 1H, Ar); 4.71 (m, 1H, OH); 
4.40 (m, 2H, CH2); 4.10 and 3.89 (2m, 1H, CH); 3.48 (m, 2H, CH2); 1.95-0.87 (m, 14H, 4-
methylcyclohexyl + CH2). 13C NMR (DMSO) δ 161.22, 160.91, 142.93, 132.39, 131.71, 130.37, 
128.06, 122.52, 120.63, 118.92, 62.17, 49.06, 44.91, 39.46, 34.15, 33.28, 32.12, 31.30, 30.63, 
30.54, 29.44, 22.14, 2 
 
5.1.2.7. N-(4-Methylcyclohexyl)-1-(p-fluorobenzyl)-4-hydroxy-2-oxo-1,2-dihydro-1,8-
naphthyridine-3-carboxamide (B1). Purified by flash chromatography (hexane/ethyl acetate 2:1). 
Yield 22%. MS m/z 409 (M+); 1H-NMR (DMSO) δ 17.56 (br, 1H, OH), 11.28 and 10.88 (2d, 1H, 
NH), 8.36 (m, 2H, Ar), 7.33-7.04 (m, 5H, Ar), 5.50 (s, 2H, CH2), 4.08 and 3.88 (2m, 1H, CH), 
1.67-0.87 (m, 12H, 4-methylcyclohexyl). 13C NMR (DMSO) δ 171.73, 169.54, 163.80, 162.62, 
152.88, 149.24, 141.66, 134.90, 128.43, 118.40, 115.78, 112.88, 97.45, 50.12, 47.36, 45.23, 
34.89, 33.67, 32.34, 31.98, 30.66, 29.92, 22.76, 21.95. 
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5.1.2.8. N-(4-Methylcyclohexyl)-4-hydroxy-1-(2-morpholin-4-ylethyl)-2-oxo-1,2-dihydro-1,8-
naphthyridine-3-carboxamide (B2). Purified by flash chromatography (hexane/ethyl acetate 1:2). 
Yield: 24%; MS m/z 414 (M+); 1H-NMR (DMSO) δ 17.23 (br, 1H, exchangeable proton), 10.55 
and 10.18 (2d, 1H, NH), 8.81 (m, 1H, Ar), 8.45 (m, 1H, Ar), 7.44 (m, 1H, Ar), 4.55 (m, 2H, 
CH2), 4.13 and 3.77 (2m, 1H, CH), 3.52 (m, 4H, morpholine), 2.50 (m, 6H, morpholine + CH2) 
1.71-0.91 (m, 12H, 4-methylcyclohexyl). 13C NMR (DMSO) δ 171.32, 169.23, 162.61, 152.66, 
149.34, 134.87, 118.37, 112.44, 97.46, 67.33, 56.62, 54.56, 50.19, 47.76, 39.12, 34.81, 33.65, 
32.22, 31.96, 30.46, 29.89, 22.74, 21.91 
 
5.1.2.9. N-(4-Methylcyclohexyl)-1-butyl-4-hydroxy-2-oxo-1,2-dihydro-1,8-naphthyridine-3-
carboxamide (B3). Purified by flash chromatography on silica gel (hexane/ethyl acetate 4:1). 
Yield: 30%; MS m/z 357 (M+); 1H-NMR (DMSO) δ 17.52 (br, 1H, exchangeable proton), 10.55 
and 10.17 (2d, 1H, NH), 8.79 (m, 1H, Ar), 8.42 (m, 1H, Ar), 7.42 (m, 1H, Ar), 4.38 (m, 2H, 
CH2), 4.12 and 3.73 (2m, 1H, CH), 1.63-0.88 (m, 19H, 4-methylcyclohexyl + 2CH2 + CH3). 13C 
NMR (DMSO) δ 171.07, 169.16, 162.43, 152.61, 149.22, 134.85, 118.18, 112.24, 97.66, 50.12, 
45.89, 38.66, 34.79, 33.82, 32.67, 31.97, 30.68, 30.34, 29.98, 29.87, 24.58, 22.81, 21.75, 14.35. 
 
5.1.2.10. N-(4-Methylcyclohexyl)-1-(3-hydroxypropyl)-4-hydroxy-2-oxo-1,2-dihydro-1,8 
naphthyridine-3-carboxamide (B4).  Purified by flash chromatography (toluene/ethyl acetate 
2:1). Yield 24%; MS m/z 359 (M+); 1H-NMR (CDCl3) δ 17.13 (br, 1H, exchangeable proton), 
10.54 and 10.16 (2d, 1H, NH), 8.71 (m, 1H, Ar), 8.52 (m, 1H, Ar), 7.30 (m, 1H, Ar), 4.64 (m, 
2H, CH2), 4.23 and 3.87 (2m, 1H, CH), 4.05 (m, 1H, OH), 3.48 (m, 2H, CH2), 2.05-0.92 (m, 
14H, 4-methylcyclohexyl + CH2). 13C NMR (DMSO) δ 171.78, 169.72, 162.25, 152.98, 149.40, 
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134.32, 118.47, 112.64, 97.33, 62.07, 49.98, 45.91, 41.46, 34.55, 33.78, 32.92, 31.68, 30.79, 
30.44, 29.84, 22.54, 21.76. 
 
5.2. CB1 and CB2 receptor binding assays 
The new compounds were evaluated in CB1R and CB2R binding assays using membranes 
from HEK-293 cells transfected with cDNAs encoding the human recombinant CB1R (Bmax) 
2.5 pmol/ mg protein and human recombinant CB2R (Bmax) 4.7 pmol/mg protein 
(PerkineElmer, Italy). These membranes were incubated with [3H]CP-55,940) [27] (0.14 nM/kd 
¼ 0.18 nM and 0.084 nM/kd ¼ 0.31 nM for CB1 and CB2 receptors, respectively) as the high 
affinity ligand and displaced with 100 nM of WIN55212-2 [28] as the heterologous competitor 
for nonspecific binding (Ki values 9.2 and 2.1 nM, respectively, for CB1R and CB2R). All 
compounds were tested following the procedure described by the cell membrane manufacturer 
[29]. Displacement curves were generated by incubating drugs with [3H]CP55,940 for 90 min at 
30 °C. Ki values were calculated by applying the Cheng-Prusoff equation [30] to the IC50 values 
(obtained by GraphPad) for the displacement of the bound radioligand by increasing 
concentrations of the test compound. Data are the mean (SEM of at least n = 3 experiments). 
 
5.3. Functional activity at CB1 and CB2 receptor in vitro 
The [35S]GTPγS binding experiments were performed according to the reported procedures 
[23, 24]. The results were calculated using GraphPad Prism 5.0 (California, USA). The studies 
were conducted in three independent experiments performed in duplicates. IC50 and EC50 values 
are presented as mean ± s.e.m.  
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5.4 Cell viability assay on prostate cancer cells 
The compounds showing the best binding profiles (A5 and B1) were evaluated on the human 
prostate adenocarcinoma LNCaP cell viability (American Type Culture Collection, ATCC, 
Rockville, MD). The selective CB2R agonist (6aR,10aR)-3-(1,1-Dimethylbutyl)-6a,7,10,10a-
tetrahydro-6,6,9-trimethyl-6H-dibenzo[b,d]pyran (JWH133) [22] was used as reference 
compound. All compounds were tested in a concentration range of 0.1-100 μM for 72 h. Cells 
were cultured in RPMI-1640 medium supplemented with l-glutamine (2 mM), 10% fetal bovine 
serum (FBS), 50 IU/ml penicillin and 50 μg/ml streptomycin (Sigma-Aldrich, Milan, Italy) and 
maintained at 37°C in a humidified atmosphere containing 5% CO2. Low cell passages (between 
5 and 20) were used in this study. Exponentially growing cells (5×103/well) were seeded into 96-
well plates in medium supplemented with 10% FBS for 24 h to allow cell adhesion. To avoid 
interactions between cannabinoid receptor ligands and serum proteins [31], only 1% FBS-added 
medium was used during cannabinoid incubation. Test compounds were dissolved in DMSO and 
diluted in 1% FBS-added medium immediately before starting experiment. The final 
concentration of DMSO in cell cultures never exceeded 0.33%.  
Cell viability was measured through the uptake and accumulation of neutral red (NR) stain in 
the lysosomes of living cells, according to literature [32]. Briefly, after 72 h exposure, cell 
medium was removed and substituted with 100 μl NR diluted 1:2 with PBS; then, the plates were 
incubated for 2 h at 37°C. NR taken up by LNCaP cells was extracted and solubilized with a 
solution containing acetic acid and 96% ethanol. Plates were read at 540 nm using Infinite® 
M200 NanoQuant instrument (Tecan, Salzburg, Austria). Optical density values obtained from 
cells treated with test compounds were expressed as percentage of those from vehicle-treated 
cells (100% cell viability). To evaluate the role of the CB2R subtype in the mechanism of 
	   28	  
compounds’ action, all compounds were tested in the absence or presence of the CB2R 
antagonist, MC21, at 0.1 μM [25]. 
Each test was carried out in triplicate. Data were reported as mean ± SEM from three separate 
experiments and graphed using the GraphPad Prism® software, version 5.0 (non-linear regression 
function). The IC50 value, that is the concentration able to inhibit cell viability by 50%, was used 
as a measure of the potency of test compounds. Comparison between IC50 mean values was 
performed by the Student’s t test analysis for unpaired data. A P–value less than 0.05 was taken 
to be significant. 
 
5.5. Assays on isolated human PBMC  
5.5.1. Cell isolation 
All donors gave written informed consent in accordance with the Declaration of Helsinki to the use 
of their residual buffy coats for research purposes. All MS patients were recruited at the University 
Hospital “Federico II” of Naples and gave written informed consent. Approval of the local ethical 
committee of the University Hospital “Federico II” of Naples was obtained for this study. All the 
patients were naïve to treatment and the expanded disability status scale (EDSS) was maximum 2.  
PBMC derived from buffy coats of healthy volunteers or from peripheral blood of MS patients 
were isolated by density gradient centrifugation over Lymphoprep (Nycomed Pharma, Oslo, 
Norway). The cells were used fresh and washed three times with PBS as previously described 
[33]. Assays were performed in RPMI 1640 (Life Technologies, Paisley, UK) supplemented with 
penicillin/streptomycin (Life Technologies), 2mM L-glutamine (Life Technologies) and 10% 
heat-inactivated FBS (Sigma Chemical Co., St Louis, MO, USA). 
 
5.5.2. Proliferation and cell viability assays  
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PBMC isolated from ten healthy donors and ten MS patients (2x105 cells per well) were 
cultured in triplicate in round-bottomed 96-well plates in a final volume of 200 µl of RPMI 10% 
FBS. Cells were stimulated with human MBP (10µg/ml) (Sigma). Drugs were added to the cells 
to achieve final concentrations of 1, 3 and 10 µM. After 6 days of incubation, cells were pulsed 
with 1µCi of 3H-thymidine (Amersham-Pharmacia Biotech, Cologno Monzese, Milano, Italy) 
and proliferation was measured by scintillation counter (Wallac, Turku, Finland).  
Cell viability of PBMC derived from both healthy donors and MS patients was also assessed. 
Cells (1x106 cells per well) were stimulated with human MBP (10 µg/ml) and cultured in 100-
well plates in the presence and in the absence of B1 at the concentrations of 10 µM. A5 was also 
used to treat cells derived from healthy donors, (data not showed). After 6 days of incubation 
cells were stained with trypan blue and counted by haemocytometer. Remaining cells were used 
for western blot assays. 
 
5.5.3. Flow cytometry assays 
PBMC (1x106cells) isolated from MS patients and healthy donors were cultured with MBP (10 
µg/ml) and the drugs at 10µM in RPMI 10% FBS for 6 days in 24-well plates. In order to 
determine cell apoptosis, 105 cells from each experimental condition were stained with Annexin 
V- FITC as previously described [34]. Cells were analyzed by flow cytometry. To assess cell 
activation, 105 cells from each experimental condition were stained with CD4-Cy-Chrome, CD54 
(ICAM)-FITC and CD69-PE, (BD–Bioscience), incubated as previously described [35] and 
analyzed by flow cytometry. The analysis was performed gating on the lymphocyte region of 
CD4+T cells and the expression of the markers in drug treated cells was compared to that of 
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activated and non-treated cells. Flow cytometric analysis was performed by Summit v4.3. (Dako) 
program.  
 
5.5.4. Electrophoresis and immunoblots 
Cell extracts derived from MBP activated PBMC isolated from MS patients and healthy donors 
and treated with the compounds at 10 µM for 6 days were processed as previously described 
(Malfitano 2013b). Primary antibodies (1:1000) (host species: rabbit) specific Akt (Cell 
signalling), pAkt (Cell signalling) and Cox-2 (Santa Cruz Biotechnology Inc.) were used. 
Immuno-detection of specific proteins was carried out with horseradish peroxidase-conjugated 
donkey anti-rabbit IgG (Bio-Rad, Life Science Research, Hercules, CA, USA), by enhanced 
chemiluminescence system (Amersham GE Healthcare). Actin (Santa Cruz Biotechnology Inc., 
anti-rabbit) was used as control. 
 
5.5.5. Statistical analyses 
Results on PBMC were analyzed by Student’s t-test; P values less than 0, 5 were considered 
statistically significant. 
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